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Abstract

Background: Cannabis is categorized as an illicit drug in most US states, but legalization for 

medical indications is increasing. Policies and guidance regarding cannabis use in transplant 

patients remain controversial.
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Methods: We examined a database linking national kidney transplant records (n=52,689) with 

Medicare claims to identify diagnoses of cannabis dependence or abuse (CDOA) and associations 

(adjusted hazard ratio, 95% LCL aHR95% UCL) with graft, patient and other clinical outcomes.

Results: CDOA was diagnosed in only 0.5% (n=254) and 0.3% (n=163) of kidney transplant 

recipients in the years before and after transplant, respectively. Patients with pretransplant CDOA 

were more likely to be aged 19-30 and black race, and less likely to be obese, college-educated, 

and employed. After multivariate and propensity adjustment, CDOA in the year before transplant 

was not associated with death or graft failure in the year after transplant, but was associated with 

posttransplant psychosocial problems such as alcohol abuse, other drug abuse, noncompliance, 

schizophrenia and depression. Further, CDOA in the first year posttransplant was associated with 

an approximately 2-fold increased risk of death-censored graft failure (aHR 1.592.293.32), all-cause 

graft loss (aHR 1.502.092.91), and death (aHR 1.061.793.04) in the subsequent 2 years. 

Posttransplant CDOA was also associated with cardiovascular, pulmonary, and psychosocial 

problems, and with events such as accidents and fractures.

Conclusions: While associations likely, in part, reflect associated conditions or behaviors, 

clinical diagnosis of CDOA in the year after transplant appears to have prognostic implications for 

allograft and patient outcomes. Recipients with posttransplant CDOA warrant focused monitoring 

and support.

INTRODUCTION

Candidates for organ transplant undergo evaluation of comorbid conditions and overall 

fitness for surgery, and assessment of psychosocial status and risk factors for non-

compliance after transplant 1,2. The psychosocial assessment includes a review of substance 

use and abuse habits. Recognition of a national epidemic of opioid abuse and emerging 

evidence of associations with adverse posttransplant outcomes have focused recent attention 

on screening for opioid use in potential recipients 3-7. However, less information is available 

regarding outcomes associated with other substance use. Cannabis (also known as 

marijuana) is currently the most commonly used illicit drug in the United States 8, and 

prevalence of use doubled in 2012-2013 versus 2002-2003 9. The Diagnostic and Statistical 

Manual of Mental Disorders, Fifth Edition, identified cannabis use disorder in 2.9% of 

respondents in a national data survey 10. The implications of cannabis use are complicated 

by expanded legalization for medical indications. Twenty-nine states and the District of 

Columbia have legalized cannabis for medical use 11, and eight of these states have legalized 

cannabis for recreational use 12. Cannabis use has been legal in many European countries, 

and recently was legalized in Canada. In contrast, cannabis is currently categorized as a 

Schedule 1 substance by the U.S. Controlled Substances Act (ie, having no accepted medical 

uses, high potential for abuse, and lack of an acceptable safety profile) 13.

With uncertain benefits and limited data, cannabis has been used for medical conditions such 

as glaucoma 14, chronic nausea 15, chronic neuropathic pain 16, multiple sclerosis 17, and 

epilepsy 18. Patients with kidney failure may use medical or recreational cannabis to manage 

symptoms of chronic pain, nausea, vomiting, anorexia, cachexia, and pruritus 19. Cannabis 

use has also been associated with adverse psychosocial, cognitive, and respiratory 

complications 20-22. Wolff et al. described the possible precipitation of stroke by cannabis 
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use, even in young people without cardiovascular risk factors, due to multifocal intracranial 

arterial vasoconstriction 23.

Few studies have examined cannabis use among kidney transplant recipients. A retrospective 

chart review of kidney transplant patients in a single center, comparing 56 cannabis users 

with 1,169 non-users, did not identify associations of cannabis use with patient death or 

graft failure 24. This study was limited by a small sample size, short follow-up, single-center 

design, and cross-sectional approach. Other adverse outcomes associated with cannabis, use 

such as respiratory, cardiovascular, and psychosocial complications, have not been studied in 

kidney transplant recipients. Given the paucity of information on the effects of cannabis use 

on patient and graft outcomes after kidney transplant, policies and guidance regarding 

cannabis use in kidney transplant candidates and recipients remain controversial.

Currently, the national US transplant registry does not collect measures of substance use 

before or after transplant. However, linking the transplant registry with other data sources 

can combine the value of transplant recipient status, baseline clinical characteristics, and 

patient and graft survival records with novel exposure information. Administrative billings 

offer non-obtrusive measures of clinical diagnoses that may serve as surrogate measures of 

clinical conditions, including substance use behaviors, and overcome some of the 

disadvantages of self-reporting 5,25-29. To help advance understanding of the outcomes 

associated with cannabis use in the kidney transplant population, we identified diagnoses of 

cannabis dependence or abuse (CDOA) before and after transplant reported in Medicare 

claims data, and examined associations with patient survival, graft survival, and clinical 

complications.

METHODS

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The 

SRTR system includes data on all donors, waitlisted candidates, and transplant recipients in 

the US, submitted by the members of the Organ Procurement and Transplantation Network 

(OPTN). The Health Resources and Services Administration (HRSA), US Department of 

Health and Human Services, provides oversight of the activities of the OPTN and SRTR 

contractors.

Medicare billing claims data include diagnostic and procedure codes for patients with 

Medicare fee-for-service primary or secondary insurance (service information is submitted 

to and tracked by Medicare, even if Medicare is not the primary payer). After regulatory 

approvals, beneficiary identifier numbers from Medicare’s electronic databases were linked 

using Social Security Number, sex, and birthdate to unique, anonymous registry 

identification numbers. Because of the large sample size, the anonymity of the patients 

studied, and the nonintrusive nature of the research, a waiver of informed consent was 

granted per the Department of Health and Human Services Code of Federal Regulations 

(Title 45, Part 46, Paragraph 46.116). Analyses were performed using Health Information 

Portability and Accountability Act (HIPAA)-compliant, limited datasets from which all 

direct identifiers were removed. This study was approved by the Institutional Review Board 

of Saint Louis University.
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Sampling and Exposure Definitions

We selected kidney-only transplant recipients from 2007 through 2015. Eligible recipients 

had Medicare coverage 1 year prior to transplant (for assessment of pretransplant CDOA), 

and 1 year posttransplant (for assessment of posttransplant CDOA). Recipient clinical and 

demographic factors, and characteristics of the donated organ and other transplant factors, 

were defined by the OPTN Transplant Candidate Registration and Transplant Recipient 

Registration forms (Table 1).

Cannabis use disorder was based on the International Classification of Diseases, Ninth 

Revision, Clinical Modification (ICD-9-CM) diagnosis codes for CDOA (304.3x or 305.2x). 

Cannabis use alone does not qualify for CDOA coding in the ICD system; rather, coders are 

instructed to reserve CDOA coding for habitual consumption of a substance, taken by his or 

her own initiative, even though the substance is known to be a detriment to one’s health or is 

not taken for therapeutic purposes 30. The physician’s documentation should include 

evidence that the physician addressed CDOA with the patient and/or it is directly related to a 

service or procedure provided during the encounter 30. ICD criteria for CDOA resonate with 

the Diagnostic and Statistical Manual of Mental Disorders, fifth revision (DSM-5) criteria 

for Cannabis Use Disorder (CUD), defined as continued use of cannabis despite clinically 

significant impairment, ranging from mild to severe 31. General population data support 

strong sensitivity and predictive value of these diagnostic codes for the identification of 

CDOA,32,33 and administrative billing claims data have been used to characterize use of 

CDOA and other drugs of abuse in observational research.34 Pretransplant CDOA was 

defined as evidence of a diagnostic code within 1 year prior to transplant. Posttransplant 

CDOA was defined as evidence of a diagnostic code within the first year posttransplant. 

Death-censored graft failure (DCGF) was defined as return to maintenance dialysis or re-

transplant, censoring for death. All-cause graft failure (ACGF) was defined as return to 

maintenance dialysis, re-transplant, or death.

Other outcomes studied, including cardiovascular (hypotension, acute myocardial infarction 

[MI], stroke), pulmonary (hypercapnia, fungal pneumonia, aspiration pneumonia, other 

pneumonia), psychosocial (alcohol abuse, other drug abuse, noncompliance, mental status 

changes, delusions, psychosis, schizophrenia, depression), and other (accidents, fractures), 

were identified using ICD-9-CM diagnosis codes as previously defined 6,35(Table S1).

Statistical Analyses

Data management and analyses were performed with SAS for Windows software, version 

9.4 (SAS Institute Inc., Cary, NC). Distributions of clinical and demographics traits among 

recipients with pretransplant and posttransplant CDOA were compared with distributions of 

traits among those without CDOA by the Chi-square test.

For analysis of outcomes in relation to pretransplant CDOA, at-risk time was considered to 

the first posttransplant anniversary. Outcomes in relation to first-year posttransplant CDOA 

were examined from >1 to 3 years posttransplant, because Medicare coverage expires at the 

third transplant anniversary in the absence of age >65 years or disability. At-risk time for all 

models was censored at the end of the assessment period, loss to follow-up, end of Medicare 
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enrollment, or end of study (September 2017). Incidence of each posttransplant event was 

estimated by the Kaplan-Meier method, with use of the log-rank test to assess the statistical 

significance of unadjusted differences. Propensity scores for the likelihood of CDOA were 

estimated by logistic regression. Adjusted associations of posttransplant CDOA and new 

posttransplant CDOA with transplant outcomes and clinical complications were quantified 

by multivariate Cox regression (adjusted hazard ratio with 95% upper and lower confidence 

limits, LCLaHRUCL), including adjustment for recipient, donor, and transplant clinical 

factors listed in Table 1, and propensity for CDOA. In secondary analyses, we also adjusted 

primary models examining associations of CDOA before and after transplant with 

subsequent graft loss or death for diagnoses of alcohol abuse, other drug abuse and 

noncompliance in the same period.

RESULTS

Sample Characteristics

In the study period, 52,689 US kidney-only transplant recipients had linked transplant 

registry and Medicare claims in the year before transplant; only 0.5% (n=254) had CDOA in 

the year before transplant. Among recipients with first-year Medicare eligibility, 0.3% 

(n=163) had CDOA in the first year posttransplant. Compared with recipients without 

CDOA, those with CDOA in pre- and posttransplant periods were more likely to be younger 

(aged 19-30 years), male, and black (Table 1). Cannabis users were less likely to be obese 

(body mass index >30 kg/m2) or diabetic, or to have a college or higher degree, and less 

likely to be employed. Compared with recipients without CDOA posttransplant, those with 

posttransplant CDOA were more likely to have a chronic obstructive pulmonary disease 

(COPD), kidney failure due to diabetes, and longer pretransplant dialysis duration (>60 

months) (Table 1).

Incidence of Clinical Complications and Associations with Pretransplant CDOA

At 1 year posttransplant, rates of DCGF (3.9% vs. 3.7%), death (2.4% vs. 3.4%), and ACGF 

(6.3% vs. 6.6%) did not differ significantly for recipients with pretransplant CDOA 

compared with those without (Figure 1A). Pretransplant CDOA was associated with 

increased rates of psychosocial conditions such as alcohol abuse (4.0% vs. 0.3%), other drug 

abuse (34.9% vs. 5.6%), noncompliance (6.5 % vs. 2.2 %), schizophrenia (1.6% vs. 0.3%), 

and depression (19.1% vs. 9.9%) over the first posttransplant year.

After multivariate adjustment for recipient, donor, and transplant factors, as well as 

propensity for the likelihood of pretransplant CDOA, pretransplant CDOA was not 

associated with increased risk of DCGF (aHR 0.541.001.87), death (aHR 0.491.092.44), or 

ACGF (aHR 0.671.101.80) (Figure 1B, Table S2). Pretransplant CDOA was not associated 

with adjusted risk of cardiovascular, pulmonary, or other complications in the first year 

posttransplant. However, CDOA was significantly associated with adjusted risk of alcohol 

abuse (aHR 5.9911.7322.95), other drug abuse (aHR 3.694.585.69), noncompliance (aHR 

1.302.153.54), mental status changes (aHR 1.102.334.95), schizophrenia (aHR 1.474.0311.10), 

and depression (aHR 1.642.182.90) over the first posttransplant year.
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Among patients with pretransplant CDOA, only 1% had pretransplant alcohol abuse, 2% had 

other drug abuse, and 12% had non-compliance diagnoses. Adding these other diagnoses 

(alcohol abuse, other drug abuse, and non-compliance) to the models of first-year outcomes 

in relation to pretransplant CDOA did not impact inferences, and pretransplant CDOA 

remained a non-significant correlate of patient death or graft failure in the first-year post-

transplant (Table S3).

Incidence of Clinical Complications and Associations with Posttransplant CDOA

Rates of DCGF (21.6% vs. 6.3%), ACGF (26.8% vs. 12.6%), and death (10.6 % vs. 7.9%) 

>1 to 3 years posttransplant were significantly higher for recipients with CDOA in the first 

year posttransplant than for those without (Figure 2A). Posttransplant CDOA was associated 

with increased rates of cardiovascular conditions such as hypotension (11.5% vs. 5.0%); 

pulmonary conditions such as hypercapnia (0.7% vs. 0.5%), aspiration pneumonia (4.3% vs. 

1.1%), and other pneumonia (18.3% vs. 10.6%); psychosocial problems such as alcohol 

abuse (2.0% vs. 0.4%), other drug abuse (36.4% vs. 5.5%), noncompliance (17.8% vs. 

3.3%), mental status changes (8.2% vs. 2.4%), delusions (1.4% vs. 0.1%), psychosis (9.6% 

vs. 3.0%), schizophrenia (3.8% vs. 0.4%), and depression (25.9% vs. 10.8%); and other 

conditions such as accidents (2.2% vs. 0.5%) and fractures (1.5% vs. 0.3%) over the next 2 

years.

After multivariate adjustment for recipient, donor, and transplant factors, as well as 

propensity for the likelihood of posttransplant CDOA, posttransplant CDOA was 

independently associated with increased risk of DCGF (aHR 1.592.293.32), ACGF (aHR 

1.502.092.91), and death (aHR 1.061.793.04) in years >1 to 3 posttransplant (Figure 2, Table 

S2). CDOA in the first year posttransplant was also associated with significantly increased 

adjusted risk of hypotension (aHR 1.582.554.14), hypercapnia (aHR 1.625.1616.46), aspiration 

pneumonia (aHR 2.275.1511.68), other pneumonia (aHR 1.311.922.80), alcohol abuse (aHR 

1.715.5017.66), other drug abuse (aHR 3.794.976.52), noncompliance (aHR 2.423.555.23), 

mental status changes (aHR 2.314.117.32), delusions (aHR 1.717.4932.92), psychosis (aHR 

2.484.247.23), schizophrenia (aHR 2.105.2513.11), depression (aHR 2.233.064.21), accidents 

(aHR 1.123.5811.45), and fractures (aHR 1.114.6019.05) over the subsequent 2 years of follow-

up.

Among recipients with posttransplant CDOA, 2.5% had posttransplant alcohol abuse, 9% 

had other drug abuse, and 21% had non-compliance diagnoses. After adjusting for alcohol 

abuse, other drug abuse, and non-compliance, posttransplant CDOA remained a significant 

predictor of DCGF (aHR 1.251.812.63) and ACGF (aHR 1.151.612.24) in the period >1 to 3 

years posttransplant. The association of CDOA with death remained significant when 

adjusted alcohol abuse (aHR 1.051.783.01), but not was not significant (aHR 0.761.292.20) 

after adjustment for other drug abuse and non-compliance (Table S4).

Among recipients with CDOA in the first year posttransplant, 56% had new onset CDOA 

and 44% showed indication of CDOA in the year before transplant. Outcomes >1 to 3 years 

posttransplant did not differ significantly (P > 0.05) according to whether CDOA in the first 

year was continued or newly reported.
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DISCUSSION

We examined associations of CDOA diagnoses among Medicare-insured kidney transplant 

recipients with posttransplant patient survival, graft outcomes, and a variety of clinical 

complications. CDOA diagnoses were found in 0.5% and 0.3% in the years before and after 

transplant, respectively. CDOA in the year before transplant was not associated with death or 

graft survival in the year after transplant, but CDOA in the first year posttransplant was 

associated with 2-fold increased risk of DCGF, ACGF, and death in the subsequent 2 years 

(>1 to 3 years posttransplant). CDOA in the years before and after transplant was associated 

with psychosocial complications. Further, posttransplant CDOA was also associated with 

cardiovascular, pulmonary, and other complications such as accidents and fractures.

Available guidance on implications of cannabis use for kidney transplant candidacy are 

limited. In 2001, an American Society of Transplantation (AST) clinical practice guideline 

recommended that because of under-reporting by individuals anxious to be approved for 

transplant, independent sources of information should probably be used to discover whether 

there may be substance use problems, and that every effort should be made to ensure that 

substance use problems are adequately treated prior to transplant.36 The work group also 

concluded that is it reasonable to insist that candidates with a history of substance 

dependency undergo counseling and treatment, and advocated for documentation by 

caregivers of a drug-free period and periodic screening for continued abstinence, as relapse 

may occur. We believe that multiple sources of information are needed to understand 

cannabis use in the transplant population, and that administrative data can complement other 

information sources. In accord with the AST guidance, we also explored CDOA in more 

than one time period.

Kidney transplant patients with CDOA appear to have increased frequency of certain 

sociodemographic characteristics. Recipients with CDOA were more likely to be young, 

male, and black, and to have lower education and likelihood of employment. While 

unadjusted confounding by sociodemographic profile may in part explain the outcomes 

associated with posttransplant CDOA, these patterns highlight groups appropriate for 

tailored education regarding the potential impact of cannabis use on allograft function and 

other clinical complications. The higher tendency of CDOA in young black men should not 

be used to create stereotype or to decrease access to kidney transplant in this already 

disadvantaged group, but rather to direct education and support services.

Notably, pretransplant CDOA was not associated with increased risk of graft loss, patient 

death, or other clinical complications. Similar to our observation, a single-center study 

reported that pretransplant cannabis use was not associated with these clinical outcomes at 1 

year posttransplant 24. While not all transplant programs require abstinence among cannabis 

users, selection for transplant means that in candidates with recognized substance abuse 

histories, the behavior has been deemed resolved or sufficiently controlled to not preclude 

transplant. Importantly, our study identifies clinical diagnoses of CDOA (ie, clinical-

determined substance use disorder), not all forms of cannabis use. In July 2015, California 

enacted the Medical Cannabis Organ Transplant Act (Assembly Bill 258) to prohibit 

discrimination against medical cannabis patients in the organ transplant process, unless a 
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doctor has determined that medical cannabis use is clinically detrimental to transplant 37. 

Subsequently, six additional states joined the organ transplant protection for medical 

cannabis users, including Arizona, Delaware, Illinois, Minnesota, New Hampshire, and 

Washington. An online survey of 360 heart transplant providers reported that three-quarters 

of providers who recommended denial of listing on the basis of cannabis use were in 

potential conflict with laws in their states 38. Therefore, the need for more evidence to 

provide a foundation for clinical practice guidelines is urgent.

In contrast to the generally neutral implications of pretransplant CDOA in this recipient 

sample, we observed strong associations of posttransplant CDOA with subsequent outcomes 

in the >1- to 3-year period, including the risk of graft loss. While vasoconstrictive properties 

of cannabis suggest putative mechanisms for nephrotoxicity, data evaluating associations of 

cannabis use with renal physiology and outcomes are limited. Two different cannabinoid 

receptors, type 1 (CB1) and type 2 (CB2), are predominantly expressed in the central 

nervous system, but low-level expression is also found in the glomerulus. The receptors 

seem to play opposing roles in the kidney. In rodent models of obesity and diabetes mellitus, 

endogenous cannabinoids generated in various renal cells activate CB1 receptors and 

contribute to the development of oxidative stress, inflammation, and renal fibrosis 39,40. In 

contrast, experimental models of murine diabetic nephropathy support that the CB2 receptor 

is expressed by the glomerular podocytes, and its activation reduces proteinuria 41. A recent 

study found modest cross-sectional association between higher cannabis exposure and lower 

kidney function among young adults, but no longitudinal association with glomerular 

filtration rate decline or albuminuria 42. However, in this study, the mean age of the study 

population was only 35 years, and patients did not have baseline kidney dysfunction. In 

preliminary analysis of hospitalized adults in the ASSESS-AKI cohort, cannabis use was not 

linked to incident chronic kidney disease or differences in estimated glomerular filtration 

rate (eGFR) slope over time, but notably, eGFR declined more rapidly among cannabis users 

with a baseline eGFR <60 mL/min/1.73 m2 compared with non-users (−3.2 vs. −1.4 

mL/min/1.73 m2 per year). Cannabis users with a baseline eGFR <60 mL/min/1.73 m2 also 

had a higher risk for chronic kidney disease progression (aHR = 2.7; 95% CI, 0.83-8.5).43 

Case reports and case series also suggest associations of cannabis use with acute kidney 

injury, membranous nephropathy, and hypertension 44-47. In the current study, recipients 

with CDOA were two to three times more likely to be diagnosed with “non-compliance.” 

Non-compliance is a major risk factor for under-immunosuppression, which may lead to 

rejection and potentially graft failure 48. In our analysis, associations of CDOA with graft 

loss persisted after adjustment for non-compliance diagnosis in the same period.

Available data examining associations of cannabis use with mortality are scant and 

controversial 49-52. We examined associations of CDOA in kidney transplant recipients with 

multiple complications previously examined in relation to cannabis use in the general 

population. Cannabis has been associated with bacterial and fungal pneumonia 53,54. Remote 

case reports linked contaminated cannabis with Aspergillum infections in transplant patients 
55,56. A more recent case report described an exogenous lipid pneumonia in patients with a 

history of smoking cannabis oil for 10 years 57. In addition to the risk of infection, some 

evidence suggests that short-term cannabis use leads to bronchitis, pharyngitis, and 

worsening of asthma symptoms, and long-term use is linked to COPD 58. Consistent with 
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the literature, posttransplant CDOA was associated with a 5-times greater risk of 

hypercapnia and aspiration pneumonia, and almost twice the risk of “other” pneumonia. 

There was also a trend toward increased risk of fungal pneumonia >1 to 3 years 

posttransplant, but the condition was uncommon and associations were not significant. 

Clinical literature suggests potential associations of cannabis use with acute MI 59, stroke 60, 

and postural hypotension 61. In our analysis, posttransplant CDOA was associated with a 

2.6-fold increased risk of hypotension, but no significant difference in MI or stroke. 

Cannabis use has also been associated with accidents, including injuries related to motor 

vehicle crashes 62 and fractures 63; both were found to be associated with posttransplant 

CDOA in our analysis (3.6- and 4.6-fold increased risk, respectively).

In addition to the associations with renal, pulmonary, and cardiovascular disease, cannabis 

use has been strongly linked with neurocognitive, psychosocial, and psychiatric issues. 

Cannabis is known to affect neurocognitive function, short-term memory, judgment, and 

motor coordination 21,22,64, and to be associated with psychiatric conditions such as 

schizophrenia 64, other psychosis 65, and depression 66. Our study identified a strong 

association between pretransplant and posttransplant CDOA with increased risk of mental 

status changes, delusions, psychosis, schizophrenia, and depression. Our study also 

highlights the association between CDOA and a higher risk of alcohol and other drug abuse 

compared with no CDOA. The association with other substances was reported previously in 

non-transplant recipients 67,68. In secondary analysis in our study, posttransplant CDOA was 

associated with graft loss after adjustment for alcohol use, other drug use and 

noncompliance in the same period, but the mortality association was not significant after 

adjustment for other drug use or non-compliance, highlighting the complex interplay 

between multiple forms or substance use and patient compliance.

Our study has limitations. The frequency of CDOA in this sample of kidney transplant 

recipients was substantially lower than the frequency of any cannabis use reported in the 

general population 10. This can be attributed in part to design and sampling; the sample was 

limited to patients selected to undergo transplant, meaning that those with substance abuse 

behaviors that would preclude transplant were not included. In addition, clinical diagnoses 

of CDOA (as designated “disorder or abuse”) likely represent cases of significant use that 

raised the attention of the healthcare providers; our study was not designed to identify 

occasional “social” or legally prescribed medical cannabis use, as use without detrimental 

consequences does not qualify as CDOA 30. Coding practices may vary and are not subject 

to the rigorous data quality assessments that are typically conducted within clinical trials or 

prospective research. Additionally, the available data do not include frequency, duration, 

dose, or type (recreational vs. medical) of cannabis use. The retrospective design can 

identify associations but not prove causation. Our sample was limited to Medicare 

beneficiaries, which has relevance as Medicare is the largest single payer for transplant 

services, but may underestimate CDOA compared with younger, privately insured recipients. 

Despite these limitations, to our knowledge, this is the first study to examine the prognostic 

importance of CDOA for posttransplant outcomes in a large national sample. Although a 

relatively small number of CDOA cases were identified, we detected clinically significant 

associations of CDOA with important clinical outcomes.

Alhamad et al. Page 9

Transplantation. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In summary, diagnoses of CDOA are uncommon among Medicare-insured kidney transplant 

recipients, and likely reflect a select subgroup of cannabis users who raise the clinical 

attention of healthcare providers. While associations likely in part reflect associated 

conditions or behaviors, clinical diagnosis of CDOA in the year after transplant appears to 

have prognostic implications for subsequent graft and patient survival and other medical 

complications. Given these findings, we believe that focused assessment of substance use 

habits should continue beyond the transplant evaluation as part of routine posttransplant 

care. We advocate for support and education of kidney patients diagnosed with CDOA, and 

for ongoing work to determine how to achieve abstinence in those with CDOA, assess 

whether abstinence mitigates risk, and define the outcome implications of medical compared 

with illicit cannabis use.
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ABBREVIATIONS

ACGF all-cause graft failure

aHR adjusted hazard ratio

CB1 and CB2 cannabinoid receptors types 1 and 2

CDOA cannabis dependence or abuse

COPD chronic obstructive pulmonary disease

DCGF death-censored graft failure

ESRD end-stage renal disease

ICD-9-CM International Classification of Diseases, Ninth Revision, 

Clinical Modification

LCL lower confidence limit

MI myocardial infarction
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OPTN Organ Procurement and Transplantation Network

SAS Statistical Analysis Software

SRTR Scientific Registry of Transplant Recipients

THC tetrahydrocannabinol

UCL upper confidence limit
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Figure 1. 
A. Incidence of clinical complications in the first year posttransplant according to cannabis 

dependence or abuse in the year before transplant. B. Adjusted association of cannabis 

dependence or abuse in the year before transplant with clinical complications in the first year 

posttransplant.

Abbreviations: ACGF, all-cause graft failure; CDOA, cannabis dependence or abuse; DCGF, 

death-censored graft failure.
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Figure 2. 
A. Incidence of clinical complications >1 to 3 years posttransplant according to cannabis 

dependence or abuse in the year before transplant. B. Adjusted association of cannabis 

dependence or abuse in the year after transplant with clinical complications > 1 to 3 years 

posttransplant.

Abbreviations: ACGF, all-cause graft failure; CDOA, cannabis dependence or abuse; DCGF, 

death-censored graft failure. Referent, no CDOA.
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Table 1.

Distributions of clinical traits in the study samples of Medicare-insured transplant recipients according to 

CDOA.

1-Year Pretransplant Assessment 1-Year Posttransplant Assessment

No CDOA
(n=52,435)

CDOA
(n=254) Adjusted odds ratio

No CDOA
(n=50,498)

CDOA
(n=163) Adjusted odds ratio

Age (years) ‡ ‡

 ≤18 2.1 1.2 0.26 (0.07-0.95) * 4.2 8.0 0.68 (0.25-1.84)

 19-30 6.4 20.9 Reference 7.2 23.9 Reference

 31-44 18.2 33.9 0.63 (0.44-0.90) * 17.9 26.4 0.45 (0.28-0.71) †

 45-59 35.3 38.6 0.37 (0.26-0.54) ‡ 36.7 34.4 0.30 (0.19-0.49) ‡

 ≥60 37.9 5.5 0.05 (0.03-0.09) ‡ 34.0 7.4 0.08 (0.04-0.16) ‡

Male 61.2 76.4‡ 2.23 (1.64-3.03) ‡ 60.7 77.3‡ 2.33 (1.58-3.42) ‡

Race ‡ ‡

 White 47.2 36.6 Reference 52.3 31.3 Reference

 Black 31.6 48.8 1.38 (1.02-1.85) * 27.9 52.8 2.07 (1.40-3.06) †

 Hispanic 14.6 13.4 0.75 (0.50-1.12) 13.6 12.3 0.85 (0.50-1.44)

 Other 6.7 1.2 0.17 (0.05-0.54) * 6.3 3.7 0.76 (0.32-1.81)

BMI (kg/m2) ‡ †

 <18.5 2.8 2.4 0.61 (0.26-1.42) 3.6 8.6 1.68 (0.87-3.24)

 18.5-24.9 27.3 41.7 Reference 27.2 36.8 Reference

 25-30 32.2 32.7 0.76 (0.57-1.02) 31.9 28.8 0.82 (0.55-1.21)

 >30 34.9 22.4 0.45 (0.32-0.63) ‡ 34.3 23.9 0.61 (0.40-0.93) *

 Unknown 2.9 0.8 0.20 (0.05-0.81) * 3.1 1.8 0.52 (0.16-1.68)

Cause of ESRD ‡ *

 Diabetes 27.1 16.5 1.02 (0.54-1.91) 25.6 18.4 3.69 (1.11-12.29) *

 Glomerulonephritis 20.8 28.7 1.14 (0.81-1.62) 21.4 27.6 1.13 (0.72-1.77)

 Hypertension 29.4 34.7 Reference 27.5 31.9 Reference

 Polycystic kidney disease 7.6 3.5 0.62 (0.30-1.26) 9.7 4.9 0.99 (0.45-2.16)

 Other 15.2 16.5 1.03 (0.68-1.58) 15.8 17.2 1.00 (0.57-1.75)

Dialysis duration (months) * ‡

 None 6.7 3.5 1.59 (0.76-3.34) 14.5 5.5 0.78 (0.37-1.63)

 >0-24 21.4 14.6 Reference 30.5 24.5 Reference

 25-60 41.5 41.3 1.20 (0.82-1.75) 34.5 30.7 0.99 (0.63-1.57)

 >60 29.7 39.8 1.31 (0.88-1.94) 19.7 39.3 1.82 (1.13-2.93) *

 Missing 0.7 0.8 2.06 (0.49-8.69) 0.9 0.0 NA

Comorbid conditions

 Diabetes 36.8 22.1‡ 0.79 (0.45-1.39) 34.1 20.25† 0.29 (0.09-0.92) *

 Angina 7.3 6.7 1.41 (0.84-2.36) 7.0 4.3 0.84 (0.38-1.83)

 COPD 1.4 1.2 1.30 (0.41-4.14) 1.2 2.5 3.50 (1.26-9.73) *
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1-Year Pretransplant Assessment 1-Year Posttransplant Assessment

No CDOA
(n=52,435)

CDOA
(n=254) Adjusted odds ratio

No CDOA
(n=50,498)

CDOA
(n=163) Adjusted odds ratio

 Hypertension 81.0 83.1 1.08 (0.76-1.55) 80.1 81.0 1.11 (0.72-1.72)

 Cerebral vascular disease 2.9 2.0 0.81 (0.33-2.00) 2.7 1.2 0.57 (0.14-2.36)

 Peripheral vascular disease 4.3 2.4 0.77 (0.33-1.77) 3.9 2.5 0.92 (0.33-2.57)

Education level ‡ ‡

 College & higher 43.5 31.1 Reference 44.1 20.9 Reference

 Grade/High schools 46.9 61.0 1.51 (1.14-1.99) * 45.1 67.5 2.38 (1.60-3.55) ‡

 Unknown 9.6 7.9 1.11 (0.67-1.84) 10.9 11.7 1.85 (1.03-3.31) *

Employment * †

 Working 19.3 11.8 0.46 (0.31-0.67) ‡ 26.9 13.5 0.47 (0.29-0.75) *

 Not working 70.3 80.7 Reference 60.5 73.0 Reference

 Unknown 10.4 7.5 0.57 (0.34-0.95) * 12.5 13.5 0.45 (0.22-0.90) *

Physical capacity

 No limit 65.1 67.7 Reference 64.8 63.2 Reference

 Limited 8.1 7.9 1.06 (0.66-1.71) 7.5 4.9 0.70 (0.34-1.47)

 Unknown 26.8 24.4 0.94 (0.70-1.27) 27.7 31.9 1.13 (0.78-1.63)

Previous transplant 14.3 11.4 0.45 (0.29-0.72) † 2.6 0.6 0.31 (0.04-2.33)

Most Recent PRA

 0-9 68.3 70.1 Reference 77.5 79.8 Reference

 10-79 19.0 19.3 1.16 (0.83-1.63) 15.8 13.5 0.98 (0.62-1.56)

 ≥80 7.7 7.9 1.31 (0.76-2.23) 4.0 2.5 0.89 (0.31-2.52)

 Missing 5.0 2.8 0.66 (0.31-1.43) 2.7 4.3 2.13 (0.97-4.67)

HLA mismatch

 Zero A, B, DR - - - 7.1 4.9 0.98 (0.47-2.05)

 Zero DR - - - 10.7 10.4 1.02 (0.61-1.70)

 Other - - - 82.2 84.7 Reference

Donor type *

 Living - - - 35.0 25.8 1.00 (0.60-1.65)

 SCD - - - 44.4 52.8 Reference

 ECD - - - 11.2 6.8 0.95 (0.49-1.82)

 DCD - - - 9.4 14.7 1.37 (0.86-2.18)

Year of transplant

 2007-2010 33.7 31.9 Reference 61.0 57.1 Reference

 2011-2015 66.3 68.1 1.14 (0.87-1.50) - - -

 2011-2013 - - - 39.0 42.9 1.09 (0.79-1.50)

Abbreviations: BMI, body mass index; CDOA, cannabis dependence or abuse; COPD, chronic obstructive pulmonary disease; DCD, donation after 
circulatory death; ECD, extended criteria donor; ESRD, end-stage renal disease; HLA, human leukocyte antigen; NA, not applicable; PRA, panel 
reactive antibody; SCD, standard criteria donor.

P values:

*
P < 0.05–0.002;
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†
P = 0.001–0.0001;

‡
P < 0.0001, for differences of distributions of clinical traits among patients with versus without CDOA.

“Other race” includes Asian, Native American, Pacific Islander and multiracial.

Transplantation. Author manuscript; available in PMC 2020 November 01.


	Abstract
	INTRODUCTION
	METHODS
	Sampling and Exposure Definitions
	Statistical Analyses

	RESULTS
	Sample Characteristics
	Incidence of Clinical Complications and Associations with Pretransplant CDOA
	Incidence of Clinical Complications and Associations with Posttransplant CDOA

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.

